objectives To investigate the prevalence of previously undiagnosed active tuberculosis (TB) cases among prisoners in Malaysia's largest prison using an intensified TB case-finding strategy.
Introduction
Each year, more than three million incident tuberculosis (TB) cases fail to be reported by national TB control programs, particularly in low-and middle-income countries [1] . In addition to the increased morbidity and mortality, missed cases sustain ongoing TB transmission in these communities [2] . Suboptimal TB control programs, limited availability of effective diagnostic tools and failure to tackle TB among high-risk populations are major factors for these failures [3] and each needs to be systematically addressed in order to improve outcomes. WHO's current directly observed treatment short course (DOTS) strategy is relying primarily on passive case detection (PCD), which has been proven to be an insufficient stand-alone TB control strategy, especially in the era of HIV infection [4] . Intensified case-finding (ICF), on the other hand, has higher yield than PCD in detecting TB disease and can greatly reduce a nation's TB burden [5] . Reports from several regions now recommend that the current DOTS strategy be supplemented with ICF in order to control TB in high-burden settings [6, 7] . The development of and improved access to sensitive and rapid diagnostic tests are crucial to ensure effective and timely diagnosis of active TB and may potentially optimise the management of TB especially in high-burden countries. [8] . Compared to the limited accuracy or tardiness of conventional diagnostic tools [9] , the newly introduced nucleic acid amplification assay, GeneXpert MT/RIF (Xpert), has excellent diagnostic performance and simultaneously reports rifampicin resistance status, which can assist with selecting antituberculosis regimens [10] . Xpert is now endorsed by WHO to be used as the primary diagnostic tool in cases of HIV-associated TB and suspected multi-drug resistance TB (MDR-TB) [11] . Xpert will likely achieve its greatest impact in settings where timing for TB diagnostics is crucial, such as prisons [12] , but empiric data about its effectiveness in similar places are scarce.
The consequences of missing active TB cases in prisons are detrimental to individual and public health [13] . Delays in diagnosis and treatment amplify TB transmission within prisons where HIV, overcrowding and malnutrition are common [13, 14] . TB outbreaks, including MDR-TB, are common in prisons irrespective of the country's economic status [15] . Moreover, inconsistent recommendations for TB screening algorithms [16] and the disproportionately high burden of HIV infection in prisons [17] increase the likelihood of missing TB cases in these congregate settings. Furthermore, failure to complete TB treatment before release and suboptimal linkages to care after release may perpetuate the cycle of the disease transmission in communities and result in the emergence of drug-resistant strains [18] .
WHO recommends the implementation of intensified TB case-finding, isoniazid preventive therapy (IPT), and infection control measures, the 'Three Is', to control TB, especially among people living with HIV (PLWH) with particular attention to correctional settings [19] . At present, there are no TB screening policies upon entry into the 34 prisons in Malaysia, where TB case detection remains passive. Similarly, there are no national policies recommending either IPT or infection control strategies in Malaysian prisons. Furthermore, clear policies are lacking for collaboration between the prison department and the civilian health departments operated by the Ministry of Health to address the post-release continuity of TB care for prisoners diagnosed with active TB disease.
Reports describing the burden of active TB in prisons in Malaysia are scarce. We therefore aimed to investigate the prevalence and factors associated with previously undiagnosed active TB disease in a sample of prisoners in Malaysia.
Methods

Setting
Malaysia, a middle-income country of 30 million people in Southeast Asia, has an incarceration rate of 171 per 100 000 population [20] , one of the highest in the region and a consequence of harsh criminalisation laws for drug use and possession. The concentration of people who use drugs (PWUDs) in Malaysian prisons has resulted in a high (6%) HIV prevalence [21] .The incidence of TB has been increasing in Malaysia over the past decade and is currently 103 per 100 000 population [1] . The prevalence of latent TB infection (LTBI) [22, 23] and active TB disease [24] among prisoners and PWUD in Malaysia is high. This study was conducted in Kajang prison, Malaysia's largest prison with a daily census exceeding 4000 prisoners. HIV screening is mandatory upon prison entry and prisoners diagnosed with HIV infection are segregated in a separate housing unit. Similar to other Malaysian prisons, PCD policy is implemented in the prison. Prisoners with symptoms suggestive of TB are referred to a nearby hospital for further assessment, primarily using chest radiography and smear microscopy, irrespective of HIV status. Prisoners diagnosed with active TB are prescribed standard combination antituberculosis medications in the prison and housed in a communal isolation unit for 2 weeks.
Enrolment and screening
From October 2012 to May 2013, all HIV-infected prisoners and HIV-uninfected prisoners, from another randomly selected distinct unit, were approached to voluntarily participate in the study. All prisoners prescribed antituberculosis medications at the start of the study, irrespective of treatment duration, were excluded. Group information sessions describing procedures, benefits and risks of the study were held in each housing unit. Interested prisoners provided written informed consent and those who agreed to participate were interviewed using a structured questionnaire that included information about socio-demographic characteristics, previous incarcerations, pre-incarceration drug use, HIV healthcare and antiretroviral therapy (ART) use and history of previous TB episodes. Common TB-related symptoms were collected and reported through the utilisation of two WHO-endorsed clinical algorithms: the 4-symptom algorithm for PLWH (any duration of cough, fever, night sweat or weight loss) [25] and the clinical algorithm for prisons: 'TB suspects' are defined as having either symptom scores ≥5 (cough for >2 weeks, expectoration-each 2 scores, loss of appetite, weight loss, chest pain-each 1 score), TB within the last 5 years, body mass index (BMI) <20 kg/m 2 , or positive fluorography [26] . BMI was measured using body weight and height.
After a thorough explanation describing the optimal expectoration process, consenting participants were asked to submit two early-morning sputum specimens (>2 ml) on 2 consecutive days to be analysed using Xpert (one specimen only), smear microscopy and liquid culture (BACTEC MGIT-960 system, BD, New Jersey, USA). One investigator (HAAA) directly observed all sputum collection activities, while a laboratory technician assessed the quality of sputum specimens onsite. Participants unable to produce adequate sputum specimens were excluded from the final analysis. After transportation of specimens to the reference laboratory, their quality was further assessed by a microbiologist. Specimen processing procedures at the reference laboratory have been described previously [24] . All participants also underwent phlebotomy to confirm HIV status; HIV-infected participants had CD4 lymphocyte counts using Guava easyCyte Flow Cytometer (Merck, Darmstadt, Germany).
Ethical considerations
The study protocol was reviewed and approved by the University of Malaya Medical Centre's Medical Ethics Committee. Interviews were conducted confidentially in a private setting and neither benefits were provided nor punishment was given to coerce participants.
Statistical analysis
The minimum required sample size of 350 was estimated using Epi-Info with alpha set at 0.05, power (1-beta error probability) set at 0.80 and a two-sided significance of 95% in a population of 4000. To ensure equal access to the study, however, all 559 prisoners housed in the two selected housing units (dedicated HIV-positive and HIVnegative) were eligible for participation. This strategy was selected for ethical reasons and to allow for potential refusal or unavailability for participation. The primary outcome was a diagnosis of active TB, confirmed as either positive Xpert and/or liquid culture. Categorical variables were presented as frequencies, and continuous variables were presented as mean or median with either standard deviation (SD) or interquartile range (IQR) depending on the normality. Chi square and student t test (or non-parametric tests) were used to demonstrate the difference between HIV-infected and uninfected prisoners. Univariate regression analyses were employed to examine the associations of independent variables with previously undiagnosed active TB. Independent variables significant at P < 0.10 in the univariate analysis were included in the multivariate regression model [27] . Multicollinearity analysis was assessed and we used variance inflation factor (VIF) to assess the significance of multicollinearity and hence inclusion in the final model. VIF value >5 was considered as an indicator of a significant collinearity requiring further examination of the model [28] .
Results
Of 559 prisoners housed in the two separate units, 442 (79.1%) provided complete data (127 were HIV-infected and 315 were HIV-uninfected). Figure 1 illustrates the participants' disposition and reasons for nonparticipation.
The majority of participants were men (80.8%), Malaysians (94.1%) with an average age of 36.4 (SD 9.8) years. Almost all (98.4%) had a history of previous detention (prisons, jails or drug detention centres) and most had substance use disorders (89.8%), primarily heroin use. Half of participants had been using heroin up until incarceration, but only 5% were provided methadone in the prison.
Only 18 (14.7%) HIV-infected inmates were prescribed ART, despite having 68 (53.5%) prisoners with CD4 lymphocytes count ≤350 cell/mL, the threshold for starting ART in Malaysia. The median CD4 count was 335 cells/ml (IQR 149-492) and the overall median BMI was 22.7 kg/m 2 (IQR 20.7-25.3). More than half (59.0%) of participants reported the presence of any of the four symptoms of the WHO algorithm and 25.1% were considered 'TB suspects,' meeting WHO clinical algorithm screening criteria for prisoners. Overall, 55 (12.4%) self-reported a history of previous TB treatment episodes. Table 1 compares characteristics of HIV-infected and uninfected participants. Overall, 34 (7.7%) met screening criteria for having previously undiagnosed active TB (liquid culture was positive in 30; the remaining four had Xpert-positive/culture-negative results, but with clinical and radiographic findings consistent with active TB). Only six participants (17.7%) had a positive smear microscopy examination. When adding the 14 prisoners previously diagnosed with active TB by the prison's health authorities, the overall prevalence of active TB in this sample was 8.5% (48 out of 559).
Twenty-two prisoners (64.7%) with previously undiagnosed TB were serving a prison sentence with less than 6 months remaining of their sentence. Among the 26 available drug susceptibility results, the majority (N = 22, 84.61%) was sensitive to first-line medications, but resistance to isoniazid and streptomycin (N = 2), rifampicin (N = 1), and ethambutol (N = 1) was present.
In the univariate regression analysis, five independent variables were associated with previously undiagnosed active TB at P < 0.1 level, namely older age, previous imprisonment, recent heroin use, suspected of having TB, and being severely immunosuppressed HIV-infected individual. No significant multicollinearity was observed among these variables (VIF values were ≤1.50). In the multivariate regression analysis ( 
Discussion
To our knowledge, this is the first report describing the prevalence of previously undiagnosed active TB in a sample of prisoners in Malaysia. This intensified case-finding survey found a very high (7.7%) prevalence of previously undiagnosed active TB, and that almost two-third (64.7%) of prisoners diagnosed with active TB would be released from the prison before completing their TB treatment course. Older age and high levels of immunosuppression from HIV were independently associated with active TB in this sample.
These findings mirror data from other prisons, irrespective of the geographical region, and possibly refer to the limited access to timely TB services in prisons globally [29] . Despite relying on symptoms (cough ≥3 weeks) to define TB suspects, an ICF survey in Bangladesh's largest prison, where routine TB screening is absent, revealed a 2.3% (245 of 11 000) prevalence of undiagnosed active TB [30] . Another survey in 13 prisons in Zambia reported a high (4%) prevalence of undiagnosed TB among 6115 prisoners with unknown HIV status [31] . More alarmingly, almost 10% of the isolates in the Zambian study were MDR-TB. In a setting with high HIV infection (25.3%), the prevalence of undiagnosed TB among male inmates in a South African prison was 3.5% [32] . More grim findings were reported from a nationwide prison survey in Georgia: a 6.0% prevalence of undiagnosed TB, and more than two-thirds of inmates with TB had never been referred to the prison's hospital for earlier care [33] . None of these settings, however, had a prevalence of previously undiagnosed active TB higher than reported here.
Despite being a resource-consuming strategy, returns of ICF are high compared to the current WHO-endorsed PCD [34] , and ICF is projected to be a powerful and costeffective tool to control TB in high-burden countries [35] . A systematic review of published reports on screening practices in prisons showed that prisons implementing routine TB screening had significantly lower TB burden than prisons without routine screening policies [36] . A mathematical model showed that ICF, but not improved PCD or enhanced ventilation, was projected to cut the TB transmission by half in an overcrowded South African prison [37] . Similarly, a modest reduction in active TB prevalence was projected to occur over 5 years if the current DOTS Tested positive for HIV (N = 3) Figure 1 The disposition of participants in the study. strategy was implemented alone in a Brazilian prison (TB prevalence of 4.6%), while ICF, using annual mass chest radiography, was predicted to drop the prevalence to <1% [38] . Empiric data from a Bangladeshi prison showed a tremendous drop in reported TB cases over 5 years after the implementation of a two-level ICF (at entry point and those already housed in the prison) [39] . Largely depending on the availability of resources, different TB screening algorithms are utilised in prisons, with clinical presentations being the backbone of most (63.5%) of these algorithms, particularly in resource-poor settings [36] . Symptoms have limited utility in case finding and may underestimate the actual prevalence of active TB in prisons [40] . Reliance on the WHO clinical scoring system for prisons would have led to missed diagnosis in 79.1% of TB cases in a Brazilian prison [16] . Similarly, we would have missed 61.8% (21 of 34) of TB cases had we relied on the same WHO clinical algorithm, which strongly highlights the need for the development of a new diagnostic algorithm for prisons in Malaysia and other similar settings. Bacteriological-based ICF surveys have better yield for active TB, particularly among PLWH, than symptombased surveys [41] . Whenever resources are available, several reports have concluded that culture examination needs to be part of ICF in settings with high HIV prevalence [42] . Despite outperforming smear microscopy, Xpert has limited utility in ICF, particularly in settings with high prevalence of smear-negative TB [24, 43] . In our survey, a single Xpert diagnosed an additional 8 TB cases missed by smear microscopy, but with an overall low diagnostic performance (sensitivity = 53.3%). Diagnosis by Xpert does, however, take significantly less time to provide results: one day rather than a median of 28.5 days (IQR 2-36) for smear/culture examination (P = 0.0001). Similar findings have been reported elsewhere, where Xpert reduced the time of case detection from 56 days to 5 [44] .
The finding that almost two-thirds of active TB cases (61.8%, 21 of 34) had spent less than 3 months in prison at the time of diagnosis highlights the importance of strengthening TB control programs targeting high-risk populations in the community and establishing ICF programs for inmates entering prisons. A similar finding was reported from a survey in a Bangladeshi prison, where 36% of TB cases were diagnosed within 6 months of prison entry [39] . Entry screening programs may improve early TB detection and hence reduce the detrimental consequences of missed cases in congregate settings with high probability for onward transmission [14] . A tremendous drop (60%) in active TB notification was witnessed in the Mongolian correctional system after establishing ICF programs upon entry into jails and prisons over 10 years [45] .
Another striking finding is that the majority (64.7%) of active TB cases diagnosed in this survey were not able to complete their TB treatment in prison due to short prison stay, i.e. less than 6 months. Released prisoners face major challenges in the community and may prioritise other transitional issues over seeking continuity of health care [21] . Findings from several countries, including the United States [46] , the United Kingdom [15] , and Uganda [47] , where the majority of prisoners defaulted from TB treatment soon after release, confirm this observation. Failure to complete TB medication, along with the current lack of collaborative programs between the prison system and public health departments in Malaysia, may worsen the individual's outcome and may act as a potential driver to TB in the general community.
Our survey showed that prisoners with advanced HIV infection (CD4 lymphocytes count <200 cells/ml) were three times more likely to have active TB than HIV-uninfected prisoners. HIV infection is a recognised powerful driving force for TB epidemics worldwide and a major hindrance to global TB elimination efforts [48] . Empiric data from several surveys show that the risk of active TB among PLWH is highly correlated with the worsening of immune suppression, irrespective of the national TB burden [49] . Surveys from South Africa and Italy in the pre-ART era showed that rates of HIV-associated TB were consistently higher among individuals with CD4 count <200 cells/ml than higher counts [49] . Similarly, previously undiagnosed TB (11.9%) was independently associated with lower CD4 count (<100 cell/ml) in a sample of PLWH attending ART clinic in South Africa; almost half (48%) of cases were infectious (positive smear microscopy) [50] . The introduction of combination ART to PLWH was associated with the reduction in the individual's risk of active TB by 54-92% [49] , but its impact on the community, particularly in closed settings, is yet to be examined. Several reports documented the impact of HIV infection on increasing the burden of TB in prisons [46] , hence, increasing the population of inmates with HIV infection in prisons, possibly linked to the criminalisation of drug use, may have tremendous burden on the correctional medical services [29] . To mitigate this effect and to reduce overcrowding, finding alternatives to incarceration for PWUD may potentially have a major impact on TB burden in these settings [51] .
In this survey, we had four participants with positive Xpert but negative culture results. They were labelled as TB cases based on positive clinical and radiographic findings. A possible explanation for this phenomenon is the misuse of antibiotics, including TB medications among prisoners, which has been reported elsewhere [14] . Some reports have pointed out the inaccuracies of Xpert, particularly among individuals with previous TB episodes, and the diagnostic performance of this new assay needs further examination [52] .
Conclusions
The high prevalence of previously undiagnosed active TB reported in this prison sample warrants urgent establishment of a systematic TB screening and treatment program in the Malaysian correctional system, both at the entry point and regularly thereafter. Such programs should integrate ICF surveys with the currently implemented PCD policies in prisons. This is crucial given the relatively few gains in controlling active TB globally over the past 25 years [1] . The implementation of the 'Three Is' needs to be prioritised in prisons, with particular emphasis on PLWH with poor immunological status. The establishment of a strong collaborative program between the prison department and the public health authorities is equally urgent to ensure the continuity of care and completion of active TB treatment after release from prisons.
